We determined the structure around the gap region between 28SCX and 28S(3 rRNA of Bombyx morif a lepidopteran insect/ to know the introduction mechanism of the hidden break/ an interruption of the phosphodiester bond specific to the 28S rRNA of protostomes. Sequence analysis and SI nuclease mapping suggested that a stretch of 30 nucleotides is excised from the mid region of the 28S rRNA to generate the hidden break. The length of excluded stretch was very various among three insects so far studied. However/ the gap responsible for the hidden break was located in a fixed position in the 28S rRNA irrespective of insect species. It was suggested that extremely AU-rich sequence including the specific UAAU tract forming a loop can be a signal for the introduction of the hidden break. The same signal seemed also involved in splitting the dipteran 5.8S rRNA.
Introduction
The cytoplasmic ribosome of eukaryotic cells contains four RNA molecules/ 28S/ 18S/ 5.8S and 5S rRNA. The coding region of 28S rRNA (28S rDNA) ranges in size from about 4000b in some unicellular organisms to 5000b in human (1/2) .
The 28S rRNA from insects and most other protostomes is characterized by its dissociation into two equally-sized subunits/ (X and 13> under denaturing conditions ( 3 ) . The two are hydrogenbonded to each other at the regions close to the cleavage site/ which is at a halfway point of the 28S rRNA. This specific break/ which is called "hidden break"/ has been also found with the 23S rRNA of higher plant chloroplasts (4)/ but not with any 28S rRNA of deuterostomes (5) .
Molecular mechanism of introduction of the hidden break into the 28S rRNA of insects has not been clarified as yet because of insufficiency of information on the structure of the 28S rRNA of this group.
Recently/ two groups have revealed the primary structures of and around the gap of the 28S rDNA from two dipteran species/ Drosophila melanoaaster (6/7) and Sciara coprophila (7) . According to their reports/ nucleotides of 19b in Sciara and about 60b in Drosophila (7) are excised from the respective 28S rRNA to generate the hidden break. However/ comparison between such closely related species could hardly provide enough information to know of the introduction mechanism of the hidden break. The present study on the gap structure responsible for the hidden break of Bombyx moxi. 28S rRNA/ will provide an opportunity to be better informed with the structure and recognition signals essential to the RNA processing of this special kind.
Materials and. Methods
A recombinant phage library of Bombyx moxi genes was constructed by insertion of partial and complete EcoRI digests into the Charon4A vector as described previously (8) . A genomic rDNA clone/ ABmRllz not containing insertion sequence (Int~)z was previously subcloned into pBR322 by insertion of 4.2kb EcoRIBamHI fragment. This clone/ termed pBmRl45z was used for structural analysis of the hidden break region. Total RNA was extracted from posterior silk glands of the 5th-instar larvae of Bombyx using guanidinium/cesium chloride method (9) . ("r-32 P)ATP was synthesized using "P-orthophosphoric a c id (NEN) after Walseth e_t ai (10) . All sequencing reactions were performed using the method of Maxam and Gilbert (11) . The sequencing gels containing 7M urea were run in lx TEB buffer. Sl-Nuclease mapping experiments were performed basically as described by Berk and Sharp (12) . Figure 3 shows the results of this size determination of the DNA fragments protected by Bombyx rRNA on sequencing gels/ alongside the sequencing ladders of the same DNA fragment. To detect the 5'-end of 28sf3 rRNA, the 80bp Bglll-Hinfl fragment was labeled only at the 5'-end of the Hinfl site. The rRNA-protected band (Fig. 3A lane 1 and 2 ) was determined to be 25 nucleotides long, which positioned the 5'-end of 28S13 rRNA. To determine the 3'-end of 28SCI rRNA/ the same Bglll-Hinfl fragment was labeled at the 3'-end of the Bglll site. The length of the rRNA-protected fragment indicated that the 3'-end of 28S a rRNA is located at 23 nucleotides downstream of the Bglll site (Fig. 3B lane 1 and 2 ) . sequence of 30 nucleotides of the Bombyx hidden break/ which is excised from a precursor to the 28S rRNA as a final step of the processing event (Fig. 2 ) . (17)). The conserved DAAU tract (see text) was boxed in the loop regions of 28S rRNAs and Drosophila 5.8S rRNA. The highly conserved sequence in all the 28S rRNAs was doubly underlined.
species. Since the area flanking the expansion segment 5 is highly conserved throughout eukaryotes and prokaryotesr it is possible to compare the expansion segments themselves whether or not they contain the gap region in them.
In Bombyx rDNA/ the expansion segment 5 corresponded approximately to the region between the third B g l n and fourth Hinfl site (Pig. Depicted in Fig. 4 are possible secondary structures of expansion segments 5 of the 28S rRNAs from three insects/ Physarum (15) and Xennpus when adapted to the Clark's model (16) for Xenopus 28S rRNA so as to maximize intramolecular base-pairings. Also included in the figure is a secondary structure model for Drosophila 5.8S rRNA which was reported previously by Pavlakis e_t al (17) . It has been shown that in dipteran 5.8S rRNA an AUrich stretch is removed to split the molecule into the two (m5.8S RNA (123b) and 2S RNA (30b)).
It should be emphasized that in both insect 28S rRNAs and Drosophila 5. 8S rRNA cleavage seems to occur in the double stranded stem* particularly at an unpaired site intervening paired bases. As a result/ a short base-paired (5-8 bp) stem should be left there/ which will be involved in the intermolecular interaction between the two subunits thus formed. The processing mechanism presumed above is reminiscent of maturation of E.coli 23S rRNA by means of RNase III (18) . In search of signals for this processing/ it was found that part of the gap region may invariably form a very AU-rich loop on top of the stem. In contrast with this/ the hairpin structure of Xenopus and Physarum rRNAs which are not subjected to the processing# was GCrich throughout (Pig. 4 ) . What is more significant was that the loop/ thus formed/ always contains the sequence UAAU at about 10b upstream of the 5'-end of 28s(3. The same sequence was totally missing in any expansion segment 5 of Xenopus/ Physarum and yeast rRNA. Further/ this 4b tract was also found in the loop of the gap region of Drosophila 5.8S rRNA (but not in Sciara 5.8S rRNA/ where UAUU is a relevant sequence (19) ). Such a tract was not observed at all in the corresponding region of other 5.8S rRNAs so far studied which do not undergo the cleavage reaction (20) .
Not only presence of common structures in the hidden break region of insect 28S rRNA and in dipteran 5.8S rRNA/ but also absence of these structures in 28S species without the hidden break and common 5.8S molecules/ may be taken to indicate that specific signals essential to the processing events have been generally conserved. However/ it remains quite an enigma why/ from an evolutionary viewpoint/ the hidden break is limited within the 23-28S rRNAs of protostomes (5) and higher plant chloroplasts (4).
